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__ T tp able T OPILING_JLN^^ 

«- ™ relates to a method and apparatus for 
This invention relaxes w 

rvF a nile or ground treatment 
determining the posxtxon of a pile o 9 

* « o-r of an elongate element, generally 
T Jl e is being driven into the ground by means 
T. « li,e. ,or convenience the invention 

will be described hereinafter in relation^ - use ^ 
determining the position of a pile, this 
eppreciated that the invention t U ^ Qf the 
particular a -- Cat r; e ; p Y rto a' Terence point which 
can be either rea y Through knowing this 

^^-sr-- - — ° f r pile 

in" the g ^ per hamper W o„ to be monitored 

continuously. Mis t for monitoring 

several instrumentation systems exist ^ 
rhe behaviour and characterises of a devic 

• the around. These require the 
being driven into the ground ^ 
connection of accelerometers and strain g g 
device itseif , which '^^^J'J^JL of 
«- accuracy of these ^-s in ter ^ 
dispi^n very poo ^ * » thls task by a 

apparatus to the pile. ^ plant _ 

SinOS blow rates are co-on. However, during the 
high hammer blow rates ar groun d 
retaliation of either a 

treatment system. estab iish a height 

hence hammer blows, in order t 

r,n sav. the surface of the pn<=, 

^measure the penetration that has *^1tU a 
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peneCr;:: :: 0 ? rovide c °— — — - 

There i= »i ' 3 referenc e signal. 

method :i: c l s : b o p r::: r apparatus *— • - - 

portable «. Waratus comprising a 

hydreulically driven hammer of up to \ 5 TT ! 

Between 30% and 95% of th» P hel 9 ht >- 

the piie or element to eff ?° ^ trans f "~* *»*o 

ground. The efLoti * PSnetrati °" *«*> the 

ine effectiveness of thi«! t ra „„r 

dependent upon the nature of ^ s " ^ 
as a cushion at the point of ! y) 
- reining energyTLst. "^V^T ' 
aooustio energy among others. tL ecoustic " 
generated from the top of the oil! ! ^ 

Q i„ +. . pile ma y b e detected 

electronically and this is utilised in methods 
hereinafter disclosed. 

In one embodiment of the invention there is or„„-„ * 
a portable system which is mounted on the drLlno 
a Pile-driving system and which operete ^n the f ^ 
manner: P ates in the following 
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suitably isolated fro. th leaner PP^ ^ ^ 
suitable electronic -™ ^ ^ „ re£er ence time 

signa l ana co-par. its «r» The time int erval 

pulse associated with the ha ^ q£ the 

Ltween the reference » de terminea. As 

airborne acoustic re£er ence point end 

. result, the distance bet^" the q£ sound 

the detector may be mess ured tine interval 

ln air, typically 333 n/- «^ ^ ^ grounfl an d a 
will increase as a pile « ^ ^ 

processor type circuit may tne numbe r of 

Ihan 3 e of this tin>e ^^continuously monitor the 
hammer blows performed, and 
penetration per blow- aavanta geously obtained from 

The reference signal is 
one of the following means: auto „, atio driving rig 

t) « is no-— /real signal in synchronism 
to provide This may be used 

with the hammer blow ^ any 

directly as the re elec trical 
oonstant delays between «^ ^ ^ 
reference pulse a™ 3 fee ren , 0 ved by 

25 airborne acoustic impulse may 

suitable calibration. ^ ^ 

"» ^ ^TLrrrofThe hairnet in such a way as 
point of impact o ^ 
t o produce an electr ^ has 

providing ^uo. point and also 

^» litted ab ° V ? * c ts upon the Pile head. 
~» ^ ^T/a dr^ng rig which uses a winch 
iii) in the case of a an a oj . may 

rheTefereL signal can be .enerated 


l\ referenCe Si9 " al ~* b * — from a 
portxon of the impact 6nergy 

::i :::r :r 9ho r the , — 

re. Thas system would preferabw k 
vibration detector such » e 

rz: ::r be *~ — 

suitable 9 meGhani ^^ and with 

— as «. refer ::::xr puise which ca - - 

time taken for the p uls ! ' ' COrrect ion *~ the 

- - int of ^trrrL 6 m:: up the » ast - 

the hammer mechanism travel. „ account since 

UP the structure of the mast travel ""S 
ana the structure aepenuent detecT 

above the hammer system 2 th T ' " lDCated 
-11 Prov ide the necessary data ^ ~* « 

In a second embodiment, detection „<= 
achieved without attaching detect" a Si9 ° al 13 

driving rig. The refer* etectln 9 apparatus to the 
system being driven inlo rh ^ " ^ the 

concrete etc) and k Sr ° Und <E - 9 - stee1 ' 
3= created ^ ZZT^ ^sT'' ~- «" 

^n the piie. at 4-5 km" in c "™ travel "n 9 

rustic source. -t^JT^.-*" " 
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A suitable detector, for example a microphone 
• hi the airborne hammer blow sound is incia 

the Dile bound stress wave. 

A suitable time measuring system, such as an 

— ~\- -=r=.— rir - 

^rborne acoustic signal causea oy 

propagates, these airw t , from the 

dis tinguishable from that produced directly 

it can be shown that tne rix^ 
hammer blow. K c ^ ced by the stress 

to impinge on the detector 

- Ti :ir tirr nr^e r^i l to 

rrr^To Teach the detector is - 

— - — -j: T^rrrifusr^es . 

resolution of microseconds. Fl Sure resolu tion 
typical time/amplitude response obtained. 
If height can therefore be measured to the order 
millimetres using conventional time measurement 


^ TJs method of detection may also provide a 
m easurement cf the depth of '^^^^L. 
the ground without Knowing th. > tot ° ^ s „ ess 
Th is is due to at least partxa ""^t f ° the pile and the 
wave at the interface between the toe of the P 
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ground into which w • 

u wmch it is bexng driven, due to th^ 

determine the depth of tho r,n n w , 

ratio I P S below the 9 r ound. The 

".r,rr^,r: ~ — « - 
srrs-r - - " =.'- 

conations. ^ ^ ° f a*™- 

location below the hammer. * ^ at any 
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CLAIMS: oosi-tion of a rigid, 

5 attachment to said ° b ^ ct \ wherein said 

2 . A method accordrng ~ cXa ^ 

method -^^^t of said hammer with said 
of (a) a wave crearea u X 

a f h ^ a reference signal, 
object, and (b) a r wh erein said 

- re£er :; ce -j-j— — - • 

driving rig which controis said hammer ^ 
J!. rsvnohronism with the 
1S hammer hXows hy an automatic ■ ^ 

^jz^^^k - r- 1 — — 

e to the point o £ impact o, : said -mm er. ^ 

6 . A method accor dxng to cXarm . ^ 

runted on said driving rxg. ^ saia 

8 - A .SrL"^S r - oh,ect heing driven 
reference signal is 

into the ground. wherein said 

9 . A method according ^ ^ ^ object , 
re£ erence signaX comprises a «ess ^ ^ 
which stress wave rs create y ^ sa . d 

10 . A method according to cXai ^ ^ by ^ 
reference signaX comprises sard stress 
sound wave through arr. wh erein the 

u . A method accordrng to cXa ^ ±> 

aepth of penetration ° » * ^ aW stress „ ave 

r^rr^rfsaido.ect. 
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being driven J£ °* * resilient object 

the bottom of sa : d he o^cV ls a stress wave refie ° ted 

original stress wave caus ° e b \ Ct a 1S bi C ° mpa - d »"h the 
the like. y WoM of said hammer or 

13. A method of measuring the position * 
resilient object struck bv » h e° s «:LOn of a rigid, 

ctrucK t»y a hammer or the* nu= 

rigid' 4 ; as ^; n P r o r b atUS /° r meaSUrln9 thS of a 

- — b ;::: :rLT::?L a c:i 3 or w r lika - 

created^, cL^T^".^ B °' <" 3 — 

(») - -ferenoe signal ° bJeCt ' 

- without attachmenTltaL o^oT " ^ 

the appar a tu n s a L Pa a r d a a tU ; T ^ » h -ein 

o^c/and ZT^^T^^ — — 
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